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silencing. Here, we present the rationale for tissue specific gene inactivation in zebrafish using the CRISPR/Cas9 technology and detailed methodology to achieve it.
On the basis of our earlier work we have identified annexin genes responsible for regeneration in zebrafish using transcriptomics. We decided to do further study on Annexin gene families as there is more than 70% homology between zebrafish and human annexins. To study the effect of these target genes we had designed current study to Knock down ANXA2a and 2b genes using CRISPR and study its effect at phenotypic as well as genotypic levels.
Results:

Synthesis of target and Cas9 mRNA
A total of 7 ANXA2a and 2 ANXA2b specific targets of 22bp length having BSaI restriction site were designed using the ZiFiT program (Table 1, Figure 1a ). All the targets were designed to be in the exonic region of the gene. The targets were synthesized as oligonucleotides and dimerized with their respective antisense oligonucleotide and cloned in the pDR274 vector ( Figure 1b) .
RNA specific to the target site were synthesized from the positive and confirmed clones. The mRNA obtained from each target site were pooled for respective target genes. Similarly, Cas9 mRNA were synthesized from the pMLM3613 vector ( Figure 1b ) and mixed with pooled ANXA2a and 2b specific target mRNA and electroporated to the animals after amputation.
Phenotype analysis:
Based on phenotype analysis of the zebrafish caudal fin tissue post amputation and electroporation it was found that there is a blatant effect in the growth of the fin tissue due to CRISPR target (Figure 2 ). The structural regeneration of the fin tissue was found significantly reduced with retarded regeneration growth in both ANXA2a and 2b targeted fin tissue from 5dpa onwards (Figure 2b) . Comparison of the growth of fin length showed a strong association of retarded growth in Annexin gene targeted fin tissue against the control and CAS9 targeted regenerating tissues. Also, the shape of the regenerating fin tissue was lost due to ANXA2a and 2b targets in the later time points post amputation (Figure 2a ).
Genotype analysis:
Expression of ANXA2a and 2b genes were found to be down regulated in the respective gene knock down fin tissue against CAS9 and MQ control tissues at 1, 2 and 7 dpa (Figure 3a) . The expression of ANXA2a gene amplified by target region specific primer showed a complete reduction in the gene expression or a truncated PCR amplicon, validating the positive CRISPR gene action (Figure 3a, 3b) . Similarly, ANXA2b gene amplification was also found down regulated in the ANXA2b targeted fin tissues. The expression of genes was found to be recovered at 7dpa in both the gene targeted tissues. ANXA2a showed more effect than ANXA2b gene in comparison to control and normal fin tissues gene expression. Interestingly the expression of ANXA2b was also found down regulated in the ANXA2a targeted fin tissue and vice versa. Expression analysis of other annexin family genes such as ANXA1a, 5b and 13 also found to be down regulated in the ANXA2a and 2b knock down tissues at 1 and 2 dpa. A full recovery of the gene expressions was found at 7dpa for all the annexin genes (Figure 3a, 3b ).
The expression of ANXA2b did not recover as like ANXA2a in ANXA2b KD+ tissue at 7dpa.
The expression of ANXA2a and 2b were found either down regulated or expressed as truncated amplicon upon knockdown of the ANXA2a and 2b genes confirming the action of the CRISPR on target.
Proteomic Analysis:
Proteomic analysis involving western blot assay and quantitative proteomic analysis of the regenerating caudal fin tissue targeted with ANXA2a and 2b CRISPR showed a significant down regulation of the ANXA2 and ANXA1 proteins along with other Annexin family proteins.
Western blot analysis for ANXA1 and ANXA2 protein (both ANXA2a and 2b) expression in the regenerating fin tissue targeted with ANXA2a and 2b CRISPR showed a non-significant down regulation of both the proteins (Figure 3c ). iTRAQ based Quantitative proteomic analysis of protein fractions matching to annexin family proteins showed significant down regulation of ANXA1a, ANXA2a, ANXA5b and ANXA13 proteins (Table 2, Figure 3d ) at 1, 2 and 7 dpa.
ANXA11b expression was not found to be modified due to knock down of ANXA2a and 2b genes as like other annexins ( Figure 3d ).
Discussions:
Here, a novel technique based on in vivo tissue specific electroporation was developed and optimized to improve the efficiencies of genome editing of genes by CRISPR in zebrafish by using a CRISPR/Cas9 system. Annexin genes are 70% conserved and ANXA2b is the only member of family absent in humans. We have shown direct association of ANXA2a and 2b with fin regeneration in zebrafish 6, 16 . The low efficiencies of tissue specific genome editing are the common issues confronted with many researchers. To solve this problem, different approaches were developed and evaluated. In this study, the tissue specific genome editing with no mismatch targeting for all the replicates was confirmed, which indicated that the electroporation of Cas9 capped RNAs into tissue could reduce the time for Cas9 translation, and subsequently improve the probability of mutations transferred to the next generation. This technique of electroporation following amputation has made gene targeting much easier than the complicated microinjectionbased protocol.
Thus, this novel technique based on in vivo tissue specific electroporation can improve the efficiencies of knock-out, knock-in and germline transmission by using a CRISPR/Cas9 system. It's worth mentioning that an increasing efficiency of knocking out ANXA2a and 2b was achieved in this study. This has an effect on the expression levels of other members of the gene family, whether the knocking out efficiency was correlated between different genes of annexin family deserves further studies. The choices of effective target site and appropriate time points were the critical factors to affect the probability of the successful gene editing.
In conclusion, a new approach based on in vivo tissue specific gene electroporation was developed and evaluated in this study. This technique was confirmed to improve the efficiencies of genome editing in zebrafish by using a CRISPR/Cas9 system. This novel strategy will reduce the unnecessary labor-intensive screening and will significantly increase the speed of generating desirable mutants in zebrafish. This study also confirms that ANXA2a and ANXA2b are the important genes involved in regeneration and it has a correlated role along with ANXA1, ANXA5 and ANXA13 gene for the regeneration of caudal fin tissue in zebrafish.
Methods
Construction of Expression Vector with sgRNA:
CRISPR sgRNA targets specific to ANXA2a and ANXA2b genes were designed using ZiFiT targeter program. All the targets were synthesized as oligonucleotides and anti-sense oligonucleotides (Bioserve, India) (Figure 1a) . Oligonucleotides pairs were annealed to each other by incubating 25 pmoles of forward and reverse oligonucleotides at 95°C for 3 mins followed by touch down cooling of the mix to 30°C. pDR274 vector obtained from Addgene sgRNA mRNA specific to ANXA2a and ANXA2b targets were synthesized following DraI restriction digestion for eluting 282 bp fragment containing the T7 promoter and the sgRNA targets. sgRNA has been transcribed by in vitro transcription using the MAXI script ® T7 kit (Thermo Fischer Scientific) as per manufacturer's protocols. DNase treated sgRNA was then purified and precipitated by acidic phenol chloroform and alcohol precipitation. The dissolved RNA was aliquoted into multiple tubes and then was quantified using a spectrometer. Integrity of sgRNA was confirmed by gel electrophoresis.
Cas9 mRNA synthesis:
Cas9 mRNA was synthesized from pMLM3613 vector obtained from Addgene (plasmid #42251 17 ), through linearizing the vector with PmeI restriction enzyme, gel purification and reverse transcriptase synthesis using mMESSAGE mMACHINE ® 7 Ultra kit (Thermo Fischer Scientific) (Figure 1b) . The synthesized Cas9 mRNA were treated with DNaseI to remove vector DNA followed by polyA tailing using E-PAP enzyme. Poly A tailed cas9 mRNA were precipitated using Lithium Chloride and dissolved in nuclease-free water.
Amputation and Electroporation:
9 to 12-month old Adult zebrafish maintained under standard laboratory conditions were selected, anesthetized and distal halves of the caudal fins were amputated under sterile condition 16 . Cas9 and sgRNA mRNA were electroporated to the amputated fin tissue using a novel approach. 1:5 ratios of sgRNA (50 ng/µl) and Cas9 mRNA (250 ng/µl) were mixed prior to electroporation and 25 µl of the mix were placed between the two round wire electrodes 
Genotype and Phenotype analysis:
For phenotype analysis, fin tissues were collected at 5, 7 and 10-day post amputation and electroporation. The regenerated fin tissue growth was measured using image J software. For genotype analysis the tissues were collected at 1, 2 and 7-day post amputation and electroporation. RNA was extracted from the individual fin tissues using TRI reagent (Sigma, USA) 16 . cDNA was synthesized from 100 µgms of total RNA samples extracted from individual fin tissues using Reverse Transcriptase Core Kit (Eurogentec, Belgium). Validation and expression of the targeted gene, ANXA2a and 2b genes and non-targeted genes ANXA1a,
ANXA5b, ANXA13 and ODC were measured based on quantitative RTPCR on the collected individual fin tissue RNA using gene specific primers 6 . The expression of the genes was compared against control time point samples.
Proteomic and WB analysis:
iTRAQ based quantitative proteomic analysis was performed on the fin tissues collected after 1, 
